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Development and preliminary assessment of an open-source, online homework suite for Advanced Mechanics of Materials using WeBWorK Introduction and Goal
Interactive online homework systems are becoming common in engineering curricula largely because as institutional resources decline, providing adequate feedback on students' homework individually and manually becomes more challenging for faculty. Increasingly, textbook publishers are developing such homework systems to accompany their titles at an additional expense for students. From the authors' experience, these publisher-offered homework systems have been disappointing; they neglect to provide adequate coverage of the text's topics, and too often the embedded solutions are incorrect. As closed systems, generally no avenue is available for repairing problems or adding additional problems to compensate for weak or missing coverage. Anecdotally at Louisiana Tech University, the typical student's opinion of publishers' online homework systems has been neutral to negative.
The authors feel strongly that requiring students to work well-devised homework problems is essential in developing the breadth and depth of the fundamental skill and understanding that engineering graduates should possess. To harness the potential benefits of interactive online homework while minimizing the flaws of for-profit publishers' offerings, the authors have developed a robust suite of problems suitable for an Advanced Mechanics of Materials course. This problem suite is developed for use within a free, open-source, online homework system called WeBWorK (webwork.maa.org). Originally developed for mathematics courses, this system has been adopted by over 1,000 institutions worldwide and has been in use at Louisiana Tech University for over 10 years.
This work is an extension of a currently funded National Science Foundation (NSF) project, the primary goal of which was to expand the use of WeBWorK into three sophomore-level engineering courses: Statics and Mechanics of Materials, Circuits, and Thermodynamics. This primary goal has now been achieved, and the problem suites for those courses have been adopted by the authors' institution and by a nearby community college which offers an associate's degree in engineering. Currently over 40 active course sections are being hosted on the Louisiana Tech University WeBWorK server, which also hosts courses for other institutions, covering mathematics and statistics (26 sections), engineering (14 sections), and engineering technology (1 section). The problems are available at no cost at the National Problem Library (webwork.maa.org/wiki/Open_Problem_Library) which is maintained by the Mathematical Association of America (MAA), the developers of WeBWorK, and the NSF.
The WeBWorK system delivers unique homework problems to each student's web browser by displaying a randomized set of parameters for each problem, driving unique solutions. Each student is given fields in their browser where answers may be entered. The student is then given feedback on the correctness of the answers submitted. The system is highly customizable to meet various instructor preferences; one can easily limit the total number of responses allowed for a problem, set due dates and times, set up partial credit for past-due submissions, set tolerances for answer correctness, modify existing problems or create new ones, and build homework sets appropriate for the coverage of a given course.
The work described in this paper is primarily focused on the continuing expansion of the National Problem Library's engineering problem selection. Created for use alongside the first several chapters of common Machine Element Design texts (Shigley is used at Louisiana Tech University), the exercises outlined herein fill an important gap in the current library. The effectiveness of the WeBWorK system toward achieving desired learning outcomes was measured relative to paper-only homework using variations of previous assessment techniques.
The results of this preliminary study are presented.
Online Homework Problem Development for Advanced Mechanics of Materials Course
The Analyzing combined loading on complex parts and structures and then their resulting failure potential is the central theme of the Advanced Mechanics of Materials course. Several families of topics are crucial to achieving a comprehensive understanding of this theme: stress and strain transformations, principal stresses and strains using tensors and Mohr's circle, and static and fatigue failure theories. These topics are combined with challenging static analyses and material processing and properties to build a strong foundation for the mechanics of materials aspect of mechanical design.
In developing the suite presented, several guiding philosophies and values were employed, as illustrated in Figure 1 on the following page. A significant number of problems in this suite require an initial, non-trivial static analysis, usually in three dimensions. Students find this aspect fulfilling as they are posed with realistic scenarios that necessitate the synthesis of newly learned concepts with concepts from prior courses. Students appreciate well-posed problems where instructions are clear regarding signs or orientations of answers. The ability to solve comprehensive problems, such as finding the worst-case factor of safety against failure for a combined loading scenario on a multi-body structure, is exactly the type of skill this course strives to help students develop. Analyzing a comprehensive problem such as the one shown above generally involves a long chain of opportunities to make errors. Therefore, these comprehensive problems scaffold the learning process by offering intermediate answer blanks to check critical calculations. These intermediate answer blanks also serve as a guide for how to segment a large problem into manageable steps, an important skill that is still in its development stage at this point in a student's analytical maturity.
Another key aspect to improving student enjoyment and benefit from working a homework problem is the presence of a clear and meaningful figure that helps define the problem. Much attention was given to the figures in this homework suite; several samples of these figures are shown in Figure 2 .
Figure 2: Samples of Figures Associated with Homework Problems
As Figure 2 suggests, a wide range of topics are covered in this homework suite, with many interesting and realistic scenarios. Table 1 attempts to summarize the problems in the suite. In addition to comprehensive and life-like problems, the problem suite also includes a significant number of problems that involve very basic cases. Among the basic-case problems are stress-element problems where applied stresses are directly given, and principal stresses are to be found. Another example of a basic problem involves a simple cantilevered rod loaded with various orthogonal forces and moments, where axial, torsional, flexural, and transverse shear stress components must be found. These more basic problems are useful in helping students understand all of the different cases that can occur within a family of problems such as Mohr's circle or static failure theories.
All of the problems shown in Table 1 
Prior Studies
WeBWorK offers many advantages over typical textbook problems. First and foremost, some research has shown that students learn more efficiently and effectively with the immediate selfgrading system in WeBWorK [1] . This immediate feedback seems to motivate students to "continue working on a task until it is completed and accurate" [2] . In fact, one WeBWorK study shows that 94.4% of the time, students who begin a problem follow through to completion [3] . With the implementation of WeBWorK, instructors are also relieved of the time-consuming chore of grading students' homework. One faculty member at Louisiana Tech University remarked, "As we no longer have funds for graders, I would give much less (perhaps even no) homework if I did not have Webwork. With Webwork, and in particular with its instant feedback, I am able to assign homework for every class period" [4] . Instructors at Louisiana Tech University find the system beneficial because it "streamlines the management of the homework aspect of their courses" [5] . WeBWorK also offers instructors the "flexibility to change textbooks entirely without the need to entirely recreate their course's homework sets" [4] . Furthermore, the problems themselves "are easy to correct or customize" [5] . Altogether, these features of WeBWorK are conducive to a successful and fulfilling learning environment for students.
Research has found a correlation between student success and implementation of online homework systems. A study at Louisiana Tech University showed that students utilize online homework tools more than traditional homework tools, suggesting that students are more motivated to learn when online resources are available [6] . A study of college algebra students at a community college found that online homework is "just as effective as textbook homework in helping students learn college algebra and in improving students' self-efficacy" but "may be even more effective for helping the large population of college algebra students who enroll in the course with inadequate prerequisite math skills" [7] . This conclusion suggests that normalizing student prerequisite skills through online resources could guide a course to consistency amongst different instructors. According to some universities, classes who used WeBWorK have demonstrated statistically significant improvement on exam performance when compared to classes who did not use it [8, 3] .
WeBWorK's effectiveness and appeal seems to be independent of student background: academic rank, gender, and race. One study shows that diverse students respond positively to WeBWorK and benefit from utilizing it as a primary learning tool [9] . WeBWorK has recently been adopted by the computer science community through an NSF funded experiment across three continents. Students and instructors responded positively; one author noted, "Systems such as WeBWorK offer the potential to transfer knowledge and teaching practices from one country to another" [10] .
Preliminary Study for Advanced Mechanics of Materials Course
A study of the effectiveness of the new WeBWorK suite was completed based on four homework sets. The class was divided into groups A and B such that each group had approximately the same number of students and approximately the same makeup of student GPA in previously-attempted, closely-related courses. Otherwise, selection of groups A and B was random. For each studied homework set, one group was given access to problems in WeBWorK, and one group was given similar but different problems through a static document posted to the course's learning management site (moodle). Each set was assigned and made available immediately after the lecture covering the related material. Each studied homework set was due at the following class meeting, where the students were given a 20-minute quiz over the same material. Each quiz consisted of one multiple-choice question with ten answer choices. The number of students getting the quiz question correct and the total who attempted each quiz are shown in Table 2 , broken down by group and homework format.
Table 2: Cohort Definition and Quiz Results
A larger percentage of students with WeBWorK access answered the quiz question correctly for three out of the four quizzes, the exception being the third quiz. For the first three quizzes, no statistically significant difference could be detected with a two-tailed Fisher test. For the fourth quiz, the group with WeBWorK access had a statistically significant difference in the percentage getting the correct answer (p = 0.005); this result is discussed further in the following paragraph. If all quizzes are considered together, again based on the Fisher test, a statistically significant larger percentage of the students with WeBWorK access answered the quiz question correctly than the percentage of students with paper-only homework. However, this result depends on the inclusion of data from the fourth quiz, for which the related homework set may have had an unintended effect. If data from the fourth quiz is removed from consideration, the statistically significant difference vanishes.
The fourth of the studied homework sets only included one problem. Informal student feedback received by the instructor caused suspicion that there may be a disparity in the difficulty level of the problem given to the WeBWorK group versus the paper-only group. After reviewing the two problems, the authors agreed that the two problems were of unequal difficulty. For that reason, the difference between the percentages correct observed on that quiz cannot be fully attributable to the effect of the homework format. Since relatively little data was collected overall, the data from the fourth quiz is still included for the reader's consideration. However, the reader is advised that an unintended additional effect is known to have tainted those results.
Differing the problems in the WeBWorK versus paper-only versions was a new technique that the authors
had not yet tried before this study. Similar prior studies have assigned identical problems for both versions of a homework set, apart from randomized input parameters. This change in technique was motivated by student reports in prior studies that those without WeBWorK access had found a method to benefit from the feedback WeBWorK provides. Many students in the paper-only group reportedly would apply their solution techniques to the input parameters assigned to a friend with WeBWorK access. Then the friend's WeBWorK would offer the desired feedback, and they would refine their solution techniques until WeBWorK affirmed their answers. They would then apply the successful technique to their original input parameters. By giving different but similar problems in the two formats and supplying final answers to the paper-only group, the authors attempted to decrease this effect in this study. The authors recommend this technique for future studies, provided that the content in corresponding problems can reasonably be said to provide equal educational value for students in different groups.
Student Survey Results
The students were surveyed about their opinion on online homework environments, WeBWorK's specific features, and the impact of WeBWorK on their progress in this course. Students were asked to submit one of five responses to all statements: strongly agree, agree, uncertain, disagree, strongly disagree. Table 3 summarizes the responses to general background-oriented statements. Of the students surveyed, most feel comfortable working in an online environment for solving engineering problems. All students believe homework to be a critical part of the learning process in engineering classes. They also acknowledge that the amount of homework problems affects how much can be gained from a course. The students involved in the study were generally familiar with WeBWorK from previous classes: 96% from courses and 93% from an engineering Statics and Me claimed that their "previous experience with WeBWorK was positive." Table 4 summarizes student opinion of those features on their growth in the course. Of the students surveyed, most feel comfortable working in an online environment for solving engineering problems. All students believe homework to be a critical part of the learning process in engineering classes. They also acknowledge that the amount of effort devoted to solving homework problems affects how much can be gained from a course. The students involved in the study were generally familiar with WeBWorK from previous classes: 96% from engineering Statics and Mechanics of Materials course. All students claimed that their "previous experience with WeBWorK was positive." Table 4 summarizes student opinions of WeBWorK's specific features and the perceived on their growth in the course. Of the students surveyed, most feel comfortable working in an online environment for solving engineering problems. All students believe homework to be a critical part of the learning process effort devoted to solving homework problems affects how much can be gained from a course. The students involved in the study were generally familiar with WeBWorK from previous classes: 96% from mathematics course. All students perceived effects
Many students find the immediate feedback from WeBWorK to be especially helpful and more useful for learning how to work problems than feedback from written homework submissions All students claim to like immediately knowing whether their answers are correct. In fact, when prompted "Tell us what you liked most abo students specifically mentioned this immediate feedback feature.
According to many students, WeBWorK p problems out of a textbook. Unfortunately, about one difficulty level of their WeBWorK problems. However, o problems in this class were significantly more difficult and time done in the past. However, I thoroughly enjoyed the challenge and feel that I'm better prepared to be an engineer because of it."
Students were surveyed about how much time they s this course, as shown in Table 5 . Over half of the students spend over ten hours a week on WeBWorK problems, mostly due to the problem difficulty, based on written feedback. About one-fifth of the students claimed they frustration and time. Most students find the course's WeBWorK suite advantageous to their learning process. Most believe that they will be more successful in this course and course examinations due to the use of WeBWorK for homework submission as opposed to Additionally, nearly all of the students prefer WeBWorK over other homework formats and believe that they get more out of the course because WeBWorK is available.
According to the survey results, the students seem to have a strong preference f over traditional homework, especially for immediate feedback on the correctness of their answers. This feature seems to drive them to spend a large amount of time on homework until they get all answers correct. Referring to the graphics that acc problem, one student remarks, "The green bar of success is very fulfilling." to value the role homework plays in learning and appreciate the challenge posed by this particular suite of WeBWorK problems.
Many students find the immediate feedback from WeBWorK to be especially helpful and more useful for learning how to work problems than feedback from written homework submissions mmediately knowing whether their answers are correct. In fact, when Tell us what you liked most about using WeBWorK in this course," 63% of the students specifically mentioned this immediate feedback feature.
According to many students, WeBWorK problems as a whole are more challenging than problems out of a textbook. Unfortunately, about one-third of the students feel "frustrated" at the difficulty level of their WeBWorK problems. However, one student remarked, "I feel that the ass were significantly more difficult and time-consuming than problems I've done in the past. However, I thoroughly enjoyed the challenge and feel that I'm better prepared to Students were surveyed about how much time they spend on their WeBWorK assignments for this course, as shown in Table 5 . Over half of the students spend over ten hours a week on WeBWorK problems, mostly due to the problem difficulty, based on written feedback. About ed they experienced WeBWorK glitches, which cost Most students find the course's WeBWorK suite advantageous to their learning process. Most believe that they will be more successful in this course and course examinations due to the use of WeBWorK for homework submission as opposed to or in addition to other methods. Additionally, nearly all of the students prefer WeBWorK over other homework formats and believe that they get more out of the course because WeBWorK is available.
According to the survey results, the students seem to have a strong preference for WeBWorK over traditional homework, especially for immediate feedback on the correctness of their answers. This feature seems to drive them to spend a large amount of time on homework until Referring to the graphics that accompany a correctly completed problem, one student remarks, "The green bar of success is very fulfilling." Students also seem to value the role homework plays in learning and appreciate the challenge posed by this particular suite of WeBWorK problems.
Many students find the immediate feedback from WeBWorK to be especially helpful and more useful for learning how to work problems than feedback from written homework submissions. mmediately knowing whether their answers are correct. In fact, when ut using WeBWorK in this course," 63% of the roblems as a whole are more challenging than third of the students feel "frustrated" at the ne student remarked, "I feel that the consuming than problems I've done in the past. However, I thoroughly enjoyed the challenge and feel that I'm better prepared to pend on their WeBWorK assignments for this course, as shown in Table 5 . Over half of the students spend over ten hours a week on WeBWorK problems, mostly due to the problem difficulty, based on written feedback. About ed WeBWorK glitches, which cost additional Most students find the course's WeBWorK suite advantageous to their learning process. Most believe that they will be more successful in this course and course examinations due to the use of her methods. Additionally, nearly all of the students prefer WeBWorK over other homework formats and or WeBWorK over traditional homework, especially for immediate feedback on the correctness of their answers. This feature seems to drive them to spend a large amount of time on homework until ompany a correctly completed Students also seem to value the role homework plays in learning and appreciate the challenge posed by this
Conclusions and Future Studies
A new suite of problems suitable for an Advanced Mechanics of Materials course has been developed for use within a free, interactive, open-source homework system called WeBWorK. This suite of problems covers a wide range of topics and includes both challenging comprehensive problems and basic problems aimed at student development in earlier stages of understanding. The problems are designed to give students feedback as to the correctness of their work for both their final answers and critical intermediate answers. Practical, realistic scenarios are presented, including figures that clearly convey the details of the problems. The problems developed for this suite will soon be made available free of charge to the open-source community.
This homework suite was examined in an attempt to find differences in learning outcomes. Based on the results of four quizzes, a statistically significant advantage was found for students using WeBWorK over those completing paper-only homework. However, there is reason to believe that for at least one of the quizzes, the related homework problems completed by the two groups were not equivalent in difficulty, thereby introducing an additional variable that was not accounted for in the statistical method presented. When the results of that quiz are eliminated from consideration, the statistically significant advantage evaporates; therefore the reader is advised that objective gains in learning outcomes have not been proven for WeBWorK users relative to traditional paper homework users.
Students were also surveyed regarding their opinions of this new homework suite. The responses were overwhelmingly positive on aggregate, largely due to the value perceived in receiving immediate feedback from the WeBWorK system. As instructors, the authors also report savings in time and effort in homework administration using this system relative to traditional paper-only homework techniques.
Currently a much broader study is underway comparing learning outcomes for students using WeBWorK versus those completing paper-only homework in several sophomore-level courses at Louisiana Tech University. The increased number of quizzes and the increased number of students involved in this study may reveal learning outcome differences which are difficult to detect with smaller sample sizes. The authors hope to report on the results of this study soon.
